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ABSTRACT 


Two  models  of  stepped  planing  boats  were  tested  to  determine  the 
effect  of  change  In  length-beam  ratio.  The  models  were  tested  with  the 
same  adjustable  stern  stabilizer  at  several  loads  and  LCG  locations. 

The  model  with  the  lower  length-beam  ratio  (Lp/3^  =  3.4)  had  considerably 
more  resistance  than  the  other  stepped  model  (Lp/B  =  4.7)  at  low  speed 
and  slightly  less  resistance  at  high  speed.  The  resistance  of  both  step¬ 
ped  designs  at  high  speed  was  considerably  less  than  that  of  a  representa¬ 
tive  unstepped  planing  boat  design. 
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INTRODUCTION 


For  a  number  of  years,  the  Naval  Ship  Research  and  Development  Center 
has  been  working  on  a  particular  configuration  of  stepped  planing  boat  and 
conducting  model  tests  to  evaluate  the  effects  of  changes  in  the  various 
parameters  of  the  design.  This  design  has  a  shallow  step  at  midlength  and 
an  adjustable  planing  surface,  or  stabilizer,  at  the  stern.  The  stabilizer 
is  of  the  type  devised  by  John  Plum  of  the  Center  staff.  At  high  Bpeeds, 
the  flow  separates  from  the  hull  bottom  aft  of  the  step  and  the  hull  is 
then  supported  dynamically  by  a  portion  of  the  forebody  and  by  the  adjustable 
stabilizer.  Since  the  afterbody  bottom  is  unwetted  at  high  speeds,  the  wet¬ 
ted  area  -  and  accordingly  the  resistance  -  are  considerably  less  than  for 
the  conventional (unstepped)  planing  boat. 

Reference  1  presented  the  lines  and  model  test  results  for  the  first 
model  of  this  type  which  was  designed  and  extensively  tested  at  the  Center 
(Model  1*124).  Subsequently,  two  additional  models  (4335-1  and  446l)  were 
built  and  tested.  The  latter  two  differ  from  Model  4124  chiefly  in  the  fact 
that  they  have  considerably  more  deadrise  in  the  bow.  These  two  have  iden¬ 
tical  body  plan  sections  but  differ  in  length-beam  ratio.  The  ratio  of 
chine  length  to  average  chine  beam  is  6.9  for  Model  4335-1  and  5.0  for 
Model  446l.  Additional  dimensions  and  coefficients  for  all  three  models 
are  given  in  Table  1. 

This  report  presents  the  results  of  resistance  tests  of  Models  4335-1 
and  4461  at  various  weights  and  LCG  locations.  Comparisons  of  the  results 
for  the  two  models  show  the  effect  of  change  in  length-beam  ratio  on  the 
performance  of  this  configuration  of  stepped  planing  boat. 
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DESCRIPTION  OP  THE  MODELS  EMPLOYED 


Figure  1  shows  photographs  of  Model  4335,  as  originally  constructed. 
Initial  tests  of  the  original  model  indicated  that  the  angle  of  3.0  degree! 
between  forebody  and  afterbody  keels  was  Insufficient;  it  was  therefore 
increased  to  4.7  degrees  (the  same  as  for  Model  4124  D).  The  hull  lines  of 
the  revised  model  (designated  4335-1)  are  shown  in  Figure  2.  The  lengths  of 
the  hull  components,  and  the  location  of  the  shaftline,  are  shown  in  Figure  3. 
Some  preliminary  testing  of  Model  446l  was  done  ’with  different  configurations 
of  the  main  step.  A  satisfactory  configuration  was  found,  and  for  this  case, 
the  model  was  designated  No.  4461-3.  The  lines  of  Model  4461-3  are  shown 
in  Figure  4. 

The  value  of  the  ratio  Lp/Bpx  was  4.72  for  Model  4335-1  and  3.43  for 
Model  4461-3,  Both  models  consisted  entirely  of  developable  surfaces. 

Model  4335-1  was  fitted  with  1/8-ineh  square  spray  strips  along  the  forebody 
and  afterbody  chines  and  Model  4461-3  was  fitted  with  3/l6-inch  spray  strips. 

To  reduce  the  suction  forces  at  low  speeds,  each  model  was  equipped  with  two 
9/32- inch-diameter  air  ducts  running  from  inside  the  hull  to  the  vertical  face 
of  the  after  step.  The  dimensionless  hull  form  characteristics  for  the  models 
are  given  in  Figure  5.  It  can  be  seen  that  these  curves  are  nearly  the  same 
for  the  two  models. 

Both  models  were  tested  with  the  same  model  of  a  Plum  stabilizer;  the 
stabilizer  is  essentially  formed  as  the  intersection  of  two  cylindrical  surfaces 
meeting  at  an  angle  of  3  degrees;  see  Figure  6. 

As  explained  in  Reference  1,  the  stabilizer  is  connected  to  a  piston 
working  in  a  pneumatic  cylinder,  so  that  its  vertical  position  can  be 
controlled  by  compressed  air.  When  the  boat  is  at  rest  or  moving  at  low 
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speeds,  the  stabilizer  Is  held  against  the  bottom  of  the  stern  extension. 

In  this  position,  the  lower  surface  of  the  stabilizer  is  approximately  paral¬ 
lel  to  the  afterbody  keel.  As  the  stabilizer  is  lowered  it  automatically 
pivots  in  such  a  direction  as  to  Increase  its  angle  of  attack  until  it  lies 
flush  against  a  longitudinal  member  (the  foot)  which  is  rigidly  attached 
to  the  piston  rod  of  the  actuating  mechanism.  The  moment  at  which  the 
stabilizer  lies  against  the  foot  coincides  with  the  moment  the  leading  edge 
of  the  stabilizer  comes  clear  of  the  hull  bottom.  Thereafter  as  the  stabilizer 
is  lowered  further  it  remains  against  the  foot  and  accordingly  at  a  fixed  angle 
with  respect  to  the  forebody  keel.  For  the  tests  of  Model  4335-1  the  bottom 
of  the  stabilizer,  when  lowered,  was  at  +  1.8  degrees  with  respect  to  the 
forebody  keel,  and  for  the  tests  of  Model  4U61-3  the  bottom  of  the  stabilizer, 
when  lowered,  was  at  -  degree  with  respect  to  the  forebody  keel.  The  de¬ 
sign  has  the  least  resistance  at  the  lower  speeds  with  the  stabilizer  in  the 
retracted  position.  At  speeds  above  Fy  equals  about  1.8,  however,  minimum  re¬ 
sistance  is  obtained  with  successively  lower  positions  of  the  stabilizer.  Ad¬ 
ditional  details  concerning  the  operation  of  the  stabilizer  and  a  drawing  of 
the  actuating  mechanism  are  given  in  Reference  1\ 
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MODEL  TESTS  AND  RESULTS 


The  models  were  towed  in  smooth  water  in  the  shaftlines  shown  in 
Figures  3  and  4,  respectively.  The  only  appendages  attached  for  these 
tests  were  spray  strips  and  the  stabilizer.  The  models  were  tested  at 
various  displacements  and  LCG  locations.  The  quantities  measured  were  re¬ 
sistance,  trim,  rise,  and  forebody  and  afterbody  wetted  lengths. 

In  general,  it  was  attempted  to  adjust  the  vertical  position  of  the 
stabilizer  to  the  position  for  minimum  resistance  at  each  test  speed. 

In  this  way,  a  curve  of  minimum  resistance  versus  speed  was  obtained. 

Data  from  the  tests  of  Model  4124  provided  guidance  in  selecting  the 
stabilizer  settings  for  minimum  resistance. 


MODEL  4335-1 


Model  4335-1  was  tested  at  a  model  weight  of  158.5  pounds  which  cor¬ 
responds  to  a  value  of  the  area  coefficient  Ap/V2^3  of  7.0.  Tests  were 
made  at  three  different  LCG  locations.  Figures  7  and  8  give  the  model  test 
results  in  dimensionless  form.  The  forebody  and  afterbody  wetted  lengths 
presented  in  Figure  8  were  nondimensionalized  by  dividing  the  observed  wetted 
lengths  by  the  overall  length  of  forebody  and  afterbody,  respectively.  The 
overall  forebody  and  afterbody  lengths  of  Model  4335-1  are  given  in  Figure  3. 

The  resistance  data  of  Figure  7  show  that  for  this  stepped  hull  with 
a  stabilizer  for  trim  control,  the  resistance  at  the  higher  speeds  (above  a 
Fy  of  about  2.4)  is  almost  entirely  unaffected  by  a  shift  in  LCG  location. 

The  wetted  length  data  of  Figure  8  show  that  the  wetted  area  of  the  afterbody 
bottom  begins  to  diminish  at  about  Fy  equals  1.6  (this  coincides  with 
ventilation  of  the  step).  At  all  speeds  above  Fy  =  3,  the  afterbody  bottom 
is  entirely  dry.  The  data  silso  show  that  the  wetted  length  of  the  forebody 
chine  will  diminish  to  zero  at  about  Fy  equals  4.8.  At  about  that  speed, 
therefore,  the  stagnation  line  will  intersect  the  step,  the  main  spray  blister 
will  wet  the  afterbody,  and  a  significant  drag  rise  will  result.  Satisfactor¬ 
ily  low  resistance  can  be  maintained  up  to  higher  speeds,  however,  by  changing 
the  transverse  step  to  one  which  is  swept  back,  as  explained  in  Reference  2. 
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MODEL  4461-3 


Modal  4)t6l-3  was  tested  at  weights  corresponding  to  area  coefficients 
of  6.85  and  6.05.  The  corresponding  model  weights  were  165.3  and  198.4 
pounds,  respectively.  In  addition,  tests  were  made  at  several  LCG  lo¬ 
cations.  Model  values  of  resistance-weight  ratio  and  angle  of  attack  for 
the  two  test  weights  are  given  in  Figures  9  and  10.  These  figures  also 
include  data  showing  the  draft  to  the  point  of  the  step  and  the  distance 
which  the  stabilizer  was  lowered.  Both  of  those  quantities  were  non- 
dimensionallzed  by  dividing  by  V1/3.  Wetted  length  data  for  the  two 
displacements,  in  the  same  dimensionless  form  as  was  utilized  for  Model 
*♦335-1,  are  given  in  Figures  11  and  12.  Values  of  the  percent  of  weight 
carried  by  the  stabilizer  are  given  in  Figure  13. 

In  addition  to  presenting  the  performance  data  corresponding  to 
optimum  stabilizer  position,  Figures  10  and  12  include  data  (identified 
by  symbols  with  tails)  for  a  test  in  which  the  stabilizer  was  retracted 
at  all  speeds . 
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COMPARISON  OF  MODEL  PERFORMANCE 


Figure  14  compare,  the  resistance,  trim,  and  wetted  area  data  for 
the  two  stepped  designs  and  for  a  conventional  planing  boat  design.  The 
resistance  data  have  been  corrected  to  correspond  to  100,000  pound  dis¬ 
placement.  It  can  be  seen  that  decreasing  the  length-beam  ratio  (Lp/B  ) 
of  the  stepped  design  from  6.9  to  5.0  reduced  the  resistance  somewhat  ^ 
at  high  speeds  (presumably  because  of  the  increase  in  the  aspect  ratio 
of  the  planing  surface),  but  that  this  was  accompanied  by  an  appreciable 
increase  in  the  low  speed  resistance.  At  a  value  of  Fv  =4.8,  the 

unstepped  design  has  30  percent  more  resistance  than  the  stepped  design, 
represented  by  Model  4335-1. 
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TABLE  1 


Planing  Bottom  Dimensions  and  Coefficients 
for  Models  4124C,  4335-1,  and  4461-3 


Model  Wo. 


4124C 

4335-1 

4461-3 

L  ,  feet 

P 

9.14 

9.48 

8.09 

B  ,  feet 

PX 

2.00 

2.01 

2.35 

B_a,  feet 

PA 

o 

1.35 

1.38 

1.62 

A„,  feec 

P 

12.29 

13.1 

13.1 

L _/  B_ , 

P  PX 

4.57 

4.72 

3.43 

L_/  B 

P  PA 

6.80 

6.9 

5.0 

Location  of  main 

step, 

i  percent  Lp 

49 

47 

47 

Deadriae  at  main 

step, 

degrees 

16 

16 

16 

Angle  of  Q.b,  keel,  degrees 

3.5 

4.7 

4.5 

Centroid  of  Ap,  percent  Lp 

. 

52.4 

bpx  /  bpa 

1.48 

1.46 

1.45 

bpt  /  BPX 

0.34 

0.38 

0.38 

Angle  of  a.b.  chine  in 

plan 

5.0 

6.0 

view,  degrees 

7.6 
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Figure  1  -  Model  4335  as  Originally  Constructed 
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Figure  2-  Lines  of  Model  4335-1 
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Figure  4  -  Lines  of  Model  4461- 


Figure  4b  -  Body  Plan 


Figure  5  -  Dimensionless  Hull  Form  Choracteristics 
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Figure  7  -  Resistance  and  a  for  Model  4335-1  at  Three  LCG  Tuitions,  Ap/y*'3' 
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Figure  13  -  Percent  of  Weight  Carried  by  Stabilizer  of  Model  4461- 
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